Prigogine-Flory-Patterson (P-F-P) theory was applied for the correlation the experimental data of excess molar volume for the binary liquid mixture of DBSA-Acetone at the temperature range of (293.15-303.15 K). The three contribution terms (pressure, interaction and free volume) in the P-F-P equation were compared with the total effect of P-F-P equation. A positive excess molar volume were obtained at all the range of mole fraction and at all the temperatures. The maximum value of excess molar volume was positioned at the 0.4 mole fraction. Eyring-FloryHuggins theory was found useful in the estimation of the viscosity deviation variation with mole fraction at the same temperature range. A negative deviation was found in the viscosity for all the range of temperature and mole fraction. The maximum deviation in the viscosity was found at the mole fraction of 0.4. The increase in the negative deviation values with temperature was interpreted as a result of the decrease in the attractive forces between the like molecules.
Introduction
In the last decades, exploration the excess properties of binary liquid mixtures receives much more attention due to the complication of that mixtures and extensive use industrially. Many parameters effecting the excess properties of the liquid mixtures like polarity, no polarity and present of ions give the liquid mixtures more complexity than the solid and gas solutions. Presently, there are no theory explain the behavior of excess properties in the liquid solution. The most accepted theory was presented by Flory in the early of 1940s for the interpretation of the nonideal liquid solution behavior for the polymers and hydrocarbons 1, 2 . A modification for the Flory's theory was proposed as a new theory called Prigogine-Flory-Patterson (P-F-P) theory [3] [4] [5] [6] [7] [8] [9] . The P-F-P theory modifies the dependence of excess thermodynamic properties into three terms: pressure term, interaction term and free volume term. Another modification for the Flory's theory had been proposed by Eyring for the viscosity deviation explanation and produced as Eyring-FloryHuggins theory 10, 11 . Eyring related the dynamic viscosity to the activation energy in a new formula. Dodecylbenzenesulfonic acid is an important chemical substance used extensively in the industry as a surfactant and as an acid catalyst for a wide range of chemical reactions and polymer preparation [12] [13] [14] [15] [16] [17] [18] [19] [20] . Acetone was used widely in the industry as a solvent alone or with other solvents. Many researchers investigated the activity of acetone as a solvent for many reactions. In a recent study, acetone and other types of ketones had been used as a solvent for hydrophobic and hydrophilic monomer reaction in the presence of a metal as catalyst 21 . Thermodynamic excess properties for a binary liquid mixture containing acetone was investigated in many studies [22] [23] [24] [25] [26] [27] [28] [29] and showed the polar and self-associative behavior for the acetone molecules. The aim of the present study is to apply the Prigogine-FloryPatterson (P-F-P) theory and Eyring-Flory-Huggins theory for the excess molar property calculation and viscosity deviation. Moreover, aimed to provide an experimental data for the system of DBSA-Acetone regarding the density, viscosity, excess molar volume and viscosity deviation at three different temperatures (293.15 -303.15 K). 
Experimental Materials

Measuring and procedure
The preparation of the samples of different mole fraction in the range of 0.1-0.9 were done using OHAUS balance instrument. The precision of the electronic balance was of ±10-4. AntonPaardensometer was used for measuring the density of the pure substances and the binary mixture with a precision of ±2 × 10−3 kg m −3 . A viscometer of the Anton-Paar model was used for the testing the dynamic viscosity of the samples with a precision of ±0.06 mPa.s. The experiments were done in triplicate for each sample and the average of the three tests was taken in the calculation.
Theoretical Basis
Prigogine-Flory-Patterson (P-F-P) theory
The excess molar volume for the binary liquid mixture of DBSA-Acetone was estimated using the P-F-P theory. The theory assumes that the contribution of excess molar volumes can be attributed to the three terms of pressure, free volume and interaction contributions according the following equations (1-4):
The Flory's equation of state 2 had been used for the calculation of the P* and V* parameters in the P-F-P equation. The values for the coefficient of thermal expansion (α) and the coefficient of isothermal compressibility (κ) were found experimentally and used for the calculation of the reduced volume and pressure according to the following equation (5-6):
For calculating the fractions of the molecular contact energy, the hard-core volume and the molecular surface, the following equations (7-9) were used:
And the ratio of the contact surface was calculated according to the equation (10):
Eyring-Flory-Huggins (E-F-H) theory
The dynamic viscosity was calculated according to the E-F-H theory of the following formula:
Knowing that μ, V m , N A , g*, R and T are the dynamic viscosity, molar volume of mixture, Avogadro's number, Gibbs activation energy of the flux, gas's constant and temperature, respectively.
The ideal viscosity can be calculated from the equation (12) .
Two contributions are there for the Gibbs activation energy of viscous flow (ideal and excess contributions) as explained in the equation (13). (13) The relation between the real viscosity and the viscosity in the ideal mixing can be differentiated from the equations (11-13).
For real and ideal system, the total property equal to the sum of the species properties as in the following equations:
Nowing that µ i , V i and X i are the viscosity, molar volume and mole fraction of the species (i) in the binary mixture, respectively. Huggins's theory assumes that the total volume of the solution is divided into sets of N lattice site and the molecules occupy the sites randomly. The Gibbs energy of activation depending on Flory' theory then can be written in the following form (17-19):
Results and Discussion
Excess molar volume
For calculating the excess molar volume variation with the mole fraction according to the P-F-P equation, it is important to find the values of thermal expansion coefficient (α) and isothermal compressibility factor (κ). The values of thermal expansion values were calculated for the DBSA and Acetone and at different temperature (293.15-303.15 K) depending on the experimental data of density. While, the isothermal compressibility factor values were obtained from the references 30, 31 . Table 1 list the values of thermal expansion coefficients, isothermal compressibility factor, density and viscosity values for the pure substances of DBSA and Acetone at the temperature of 298.15 K. The non-ideal behavior was concluded from the non-linearity in the relation between the excess molar volume and viscosity deviation with the mole fraction variation as stated in other studies 32, 33 . The P-F-P equations was applied for fitting the experimental data of excess molar volume and the χ 12 parameter in the three contributions terms of the P-F-P equations (pressure, interaction and free volume) were obtained. The results of the excess molar volume variation with the mole fraction for the P-F-P equation (total effect) and for the three contribution effects at three different temperatures (293.15-303.15 K) were shown in the Figures 1-3 . The variation in the excess molar volume shows positive values for all the range of mole fraction and the maximum value was found at the mole fraction of 0.4. The increase in temperature had a positive effect due to the lower of the interaction between the licked molecules and increasing the volume of the solution and provides a space for the large molecule.
Viscosity deviation
The viscosity deviation was calculated according to the Eyring-Flory-Huggins (E-F-H) theory. Figure 4 shows the variation of viscosity with the mole fraction of DBSA at the temperature range of (293.15-303.15 K). A negative deviation was observed in the Figure 4 for all the values of mole fraction and temperature. Moreover, the deviation become more negative with increasing the temperature due to the decrease the attractive forces between the molecules and the mixture become less viscous. 
Conclusion
The density, viscosity data were measured experimentally for the range of mole fraction at three different temperatures (293.15-303.15 K). PrigogineFlory-Patterson equation correlated the experimental data of excess molar volume properly. The interactional term in the P-F-P equation showed a main effect on the excess molar volume compared to the free volume and the pressure term effect. The lowest effect was the effect of the pressure term. The excess volume showed a positive value for all the mole fraction range. The values become more positive with increase the temperature, which was explained by decreasing the attractive interaction between the molecules. The deviation in viscosity was estimated using Eyring-Flory-Huggins theory and showed a negative deviation. The negativity in deviation was increased with temperature, which make the mixture less viscous due to the reduction in the attractive forces. At high temperature, the large molecule can find a suitable site due to the expansion of the solution volume. 
